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1 

^o^ofl s]^( C ycle count)* 7}#*l5. ^eflJEL (thread)-I- 

s|]*Kfetch)Sr : c^ ^1 4^ ^efl^(SMT) ^S^H ^ ^ 7lH^t}-. cf 

# ^efl^(SMT) E^l^b, 5fl^l-¥-7> ^^<H ^1 ^ ^ 5^( C ycle count ) * 
7]-^^lS ^>-g-*H ^ efl H.( thread)* ^d^*>^, n d^eflJEL ^ ^*J€ ^^^^ ocelli 

* 7\^}n <&±r 7>^e-HH o^e^-i- (fetch) tr^. , SMT^ ^ 

^ ^MM^JI, ^ CPU ^^g- ^a 0 >a171^ Jl^7> 

[tflas] 

£ 1 
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^^^1 ^7} 3^1- y\^^]S. a>-§-^o^ n*)*}^ ^1 ^ ^^1 

^ lE-sL^Mi ^ ^^{Simultaneous Multithreading processor providing for thread 
fetch based on instructions count weighted by the operation cycle count and method 
thereof } 

£ ^^Al^ofl uf^- ^} ^efl^(SMT) E^l^o] M^ol^. 

£ 2^r 5. 1°) 5fl^-^(fetch unitXllO)^ ^13^ l-If-S^l 4. 

£ 3^r £ 2^1 ^A] cff> ^efl^(SMT) ^MH^ ^tr *-g-5L<>14. 

^sg^ -^a] t}^ ^^(Simultaneous Multi threading) (°)-s\ "SWT"^ ^^r) HS^H 

<6> CPU(^°o v< a^2l^l) ^H<^ ^ ^^(Superscalar) **°)Z. 

tr ^r°l# ^^ofl ^-X|ofl c^e^ 7 fl^ ^<H» A J1f^ CPU(f^<£^e|#*l) 
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1020030005236 ' * H*}: 2003/5/31 

2) ^¥-§- ^-SiM-, ^^(Superscalar) h}^ ^S^H^r 

*V a>o1^ ^ovofl -S^H 7fl<^ ^^^ 7 > ^ *^>^1, t-fl°l 

t^^Kdata dependency) -f-sl ol*H X\j}^ ^^o]^\ ^s|o] l-7p§^ ^ 

^, 3l°l^B(waste)7 r ^tr^-. 
ojoji tiVsl-o^ ^A] i}^ ^efl^(SMT) % ^ 4°lt ^<?H ^Hl ^ 

3] J=lr( threads )°] #^H1 ^^*>£^- *>J1, 2:313= #( threads) ^^*f^r ^ 

<^* 0 1 ^Hl ^sj- ^oI^e (waste) ^^HHiE 

^ «H, 3M^H(waste) ^*M: ^i^tAS^ CPU(^<#<?!^ s] )£} ^^§- ^Mb v 
*1 7]^ 2:3].!= (thread)^ fsY xj\9) 7 \x] a^s. Ml- 5£<£l 

^(control point)^ nf-g- ^ ^(execution path)5. ^€ ^ -H 

Ir(threads) ^<H* 0 1 -§^H1 *H ^*3^ 2:^* 

(throughput)^- ^°]^ ^^°li=f. 

Dean M. Tullsen ^ ^efl^(SMT) ^S^H <^e^ ^efl = -i-( threads) # 

, ^efl^.( thread)*- H s]l*Kfetch)*Kr ^ fee)^ 

^7flsr>^cf. olsf ^-o] ^efl;E.( thread)* ^1^^, *fl# ^^<H# (fetch) ^ 
2fl^l ^1 4# ^efl^(SMT) SsL^Hofl tfl*|Hfe n]^- ^-s] , "US6470443Bl"«fl £ q-^r 
q 9XA. 

^2fl^ ^1 cf^ ^efl^(SMT) EM^Ii^^, *tiS£- ^efl = (thread) ^ 
31*1 *H1, 3H€^l(latency)7l- ?J ^*g<H» ^*3*Rr 2: 31 i= (thread) ^-fr ^ 
^>7l 31 *H, "ICCOUNT", "BRCOUNT" , "MISSCOUNT", £^ "IQP0SN" sf ^>>-g-tr 
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cf. ^ wj-^ # " ICCOUNT" Jl^^^I ^o.^, ^eflcq ^ cf^ ^efl 

^(SMT) HS^Hofl ^o] ^-g-£]^L "ICCOUNT" ^tg 

^(rename), *H (queued ^ ^91 #3HH , 7H V 3£r 

«- 7}?1 ^5fl£L(thread)l- H ^efl = ( thread)^ *3^<H1- 3)]^ (fetch)^Kr 

=r7f thread)^ ^1 ( latency) 7} ^>^7] nfl 

(execution) ^Tfl^l "EC0UNT"erfe «c Vl ^£ SX^. 

o]s}. ^o) t -ICCOUNT" W$ A>-g-sr>^ ^Efl^ ^ cf^ ^efl^(SMT) 

°fl^^, ^efl = (thread)7> 7}x)±± ^^o] ^n>o. ^a>^ ^efl JE(thread)^- ^} 

gjsKn. ^^o] t 311^1 (fetch) tbcf. neH4, ^*fl 3HlH( latency HI *l*l^r ^ 

^r*3 s]^( C ycle count) 7} JLB\S\t] a}^. ^efl 

= (threadH] ^*Hr CPU (^<#<?1^ 3^*1 ) = S>MH ^-g- 

^KM^r ^-^l^o] oicf. ofl-g. ^o] t ^ e flj=(thread) Afe s]^(cycle 
count )7> 3<el ^ f-# 7MJ1, ;*eflJ= (thread) B ^ ^ 2^( cyc i e 

count)7> l<y vil 7 fl# 7>^ ^efl-EL(thread) ^*2M 

(thread) B£] ^*3iLtf ^H^. ^, 3^ ^3] ^(thread) A7> 

2:31 = (thread) BiL^ t^o^ *lX|( que ue)-I- c] -2.2fl ^cfe^^s., ^ #^-(queue clog) 
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*3 ^7) 3^r(cycle count)* 7}^*) 3. Af-g-^H -g-A] cf^ ^efl^(SMT)^ 

^l^T^Kr 7l#2j j^aflfe-, ^^C^o) yfl^ofl Z| ^^o|o| ^ 

s]^(cycle count)!- 7}#*1^ A}-g-sH ^a] cf^ iiefl^(SMT)^ ^ 
^a] 4^ ^efl^(SMT) HS^I^i) diefl^(SMT) zfl^Hr dl 

sat*. 

^"71 2] 7l#*J 4^11- ^*>7l a. ^6|) aj-s. cf^- iiefl^(SMT) £S 

^H^, ^^^-(fetch unit), *3^<H 7fl 4=1 -f-( instruct ion cache), 
( instruct ion decoder), 31*1 ^fl^ ^ -^(register renamer), ^^^H *l*l-¥- 
(instruction queue unit), 3l -s*S-t-( execution unit)* -T^ltt^r. 

aJ-71 *fl*m fetch unit)*r ^^^(CIN)^ ^ * ^ ^a]^ 

<H(QIS) ^r^Hl tfl-g-sHr ^efli=#( threads H rfl^ ?>£El ;§iLofl -g-^H m^s. 
(thread) 1 ! 3. ^r s S*>Ji, ^1] = (thread)*! 7 r £^ & ^oflAi ^ 

3H1 £fl-§-*Kr H^n^ ^^^lAi ol = e^(FAD)l- ^ltr^. 

A oM ^§^<>1 ^-^(instruction cache )^ HSa^ ^-gr^ll- z|z]-o) 0^ = ^^^ 
^^1-* Ai^ZL, a o V 7 ] ^3 o^l^l cfl-g-SKr Aj-71 3)1*1^ tg ^ 

(CIN)l- 
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<ie> ^.71 t$*%o] ^^(instruction decoder)^ #7l- 3|1*1€ ^^<H(CIN)1- sfl^sV 

<*) #7l <£^> ^ ^^^-E.S. A>-g-€ efl^liE^ ^c^l>i(DAD)l- 

#7l BflT^El *ll^ -^(register renamer)^ t\ j&r& X\ (data dependency )» 

s|« *r #71 31*1^ tfl-g-sj efl^^E^ cH^efl^l- ^fl^^tb^. 

<18> Aj-y] r$t%o] x]a) -^(instruction queue uniOfe #7l A^^Q °1 — ^^(RAD) 0 !] -§- 

.T£f>\*\ #7l ^oUCINH] cfl^ ^71 ^ ^1^1* ^tr4. 

<i 9 > ^-71 ^-^t execution unit)^ #7l ^ ^}^}d\) -§-^*H #7l *H*13 

(CIN)» 

<20> 5fl*l«-(fetch unit)^, cl^l"^ ^^(demultiplexing controller), *|- 

7>^El-i-( cycle counters), ^efl-E. ^71 (thread selector), ^ 

(multiplexer)-!- T^ltlr^f. 
<2i> # 7 ] cl^Ell-^^ ^1^71 (demultiplexing controller)^ #7l sH*l£ ^<H(CIN) 

^ ^fr ^ #7l ^ *l*m ^<H(QIS) Zf^Hl cfl-§-*r^ ^31 = threads H 

cfl*!: #71 7>^Ei ^iL# #3*1^. 
<22> ^-71 *H§ 7l-S:B^( cycle counters)-gr 2: 31 = ( thread) t #7l 4o]f ^B\^ 

(cycle counters)* ^1*}^,' #7l ^^.ofl rfl-g-isKr ^eflJ=( thread)^ 

#71 7>^E-l7> 7 r £^# ^SJ^K 

<23> av 7 ] ^Bn 7 l(thread selector)^ #7l * r °l# #( cycle countersH 

7}^f]^ ^7} 7># ^ 7^Ei# ^rt^Ji, zl<H1 tfl-§-*H=. ^3] JE1( thread) # 

^ ^iL(TSI)» 
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<24> ^-7] ^(multiplexer)^ .-#7} ell H. (thread) *m ^^.(TSI)ofl -g-^H =l<*} 

tfl-§-SRr HSZL^ E^Mi ^^5fl^(FAD)» 31*1 tH}. 
<25> «-(execut ion unit ^H^i ^ (data cache), ^l^iE^-i- 

(registers), 3l 7}^- -^-^#(funct ional units)-i: T^ltr 1 }. 
<26> A 0 v 7 ) ^o]b1 7fl4=l(data cache)^ <#7] <£^} A}-g-^ eIMb|:§..£ *R>?}-4. 

<27> efl^l^Bl-i;(registers)^r #7] T-fl^^ <HH.3l^(RADH cfl-g-^ 4^711^ 

efl*liBl-i-(registers)-§: ^ltr*}. 
<2S> ^-7] 7]^ -B-^l-(functional units)^ °1^ <gA>^) ># 7 ] ^ 

<H(QIS) ^*2H1 a>-8-€ ^SH = #^»1 ^S]^, ^-7] xl^oll -g-^H ^ v 7) 511^1^ 

^^^(CIN)* 

<29> # 7 | ^Jife, #71 Sfli^ ^^<H(CIN)2] c£a> f^Hl ^ ^7] 

^(cycle count)* ^HrRr ^ #7l ^<H(QISH1 cfl-§-*Hr ^7l 

^7) sj^( C ycle count)!- ##*r^- ^iL^ ^ tr^f. 
<so> # 7 ] ^ ^7] 3^( C ycle count )^r, <#7) ^3=M ^S^^( instruct ion 

decoder), ^7] sfl^iEi -^(register renamer), ^ A v 7] ^1 ^1 «- 

(instruction queue unitHH ^jS-S]^ ^]^% A >°1# 

<3i> ^-7]^ cf- 71 #3 4*11!- ^*}7l ^tr ^<*f| cf^ ^efl^(SMT) 

"- ^Ell^(SMT) Wj-^^r, i5.ZL^ 7V^Bll- Z^S} ^ J= efl ^ ofl 

^^^H*^: 7-1^H=r ^^(instruction cache)* ^l^Hr ^1 t}^ ^ 
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efl^(SMT) cf^ ^e^(SMT) ^<fl 55i<H>H , ^4 ^ ^*1 

^, ^ofl <4€- ^-a] cf^ ^efl^(SMT) ^11^9] cf^ ^efl^(SMT) # 

^£r, ^-Al diefl^(SMT) =M^o| ^ajsj^ thread) 1 ! 

^bSr^SC cycle counters) f^H , *H*1^ ^ (CIN)£l ^ x]*]^ ^ 

^<H(QIS) ^-^1 tfl-§-*Rr ^ 3] iE.*( threads HI ^ 7r£^ ^fiofl tfl-g-*rfe ^efl^- 
(threadHl ^s)<H 5d^r ^>o]# ^B^V 7>£^# ^^*Vcf. # 7 1 cf^ ^efl^ 

(SMT) = 3.4Hfe ^7] 7}£ E] #( cycle counters)°l 7>e]7lfe ^7> 7># ^ 

o]# 7>-g-B]# ^r^^H tfl-g-^ H^ZL^ ThgrE-H^ <H 3=31^ (FAD) -& J*l|*l *tf. 



°H1 ^ef, t\z£ ^sfl^(SMT) = 3.4H*r aJ- 7 ] ^^o] 

(instruction cache) <*IH ^1*1^ ^^efl^ofl tfl-g-Sf-fe ^7} 3*11*1=1 *3^<H (CIN)-i- 

ell^l^E^ ^c e ^ (DAD)1 . cflolEi cl^oiA|(data dependency)!- ^ 51 

*r ^7l elM^Ei tfl-g-s] ^^1 efl^liE-lo] 0^3)^ 7fl^^t!:4. 

4-S-^l, ^"71 ^a| cf^ ^ efl ^ (SMT) H^H^ Aj-7] T-fl^^ ^^(RADHl 
-g-^SM ^-71 2fl*l=l ^<H(CINH1 ^7l ajsj ^1^11- ^*>J7, Aj- 7 i ^ ^ Alo1 ) 

-§-#*H #7l 5)1 *1€ ^^^(CIN)l- ^*Vt]-. 

Aj-7l HSU^ 7V£eHH cH c e fl>l(FAD)^ 511*1^, ^ ^-7111- ^wl^cf. 
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^r, <#7] ^-Sr^ofl^ o^rLefliCFAD)^ Bfl^ofl^ ^- 7 ] ^.a] cf^ 

^(QIS) tfl-g-*Hfr ^ell^lr(threads)^ cfl*V #7l 7>^e^ ^ji-g. #^t^. °1 

ofl o^ef, AV 7 1 ^1 A^t ^3]^(SMT) ^f]^ ^efl = ( thread) t #7l *M 

# ^>-gr^-i-( cycle counters) f^H, #7l ?}-£Ei ^i±ofl rfl-g-^Rr ^efl j= (threadHl 

SHr ^7) ?\^]7\ 7f£^-a- ^tr^. 4^1, ^"71 ^A] ^ ^efl 

<3(SMT) ^S^a^ a o v 71 ^o]^ 7 r -grBil;(cycle counters)^ 7\^7]±± ^7\ 7}^ 
^>°1# ^r^^Jl, a*]) rfl-g-^Kr = (thread) ^ ^iL(TSI)-I- #^*>^, 

^71 ^efl^-(thread) ^ ^3±(TSI)°ll -§-^H ^ tfl-§-*Hir ^Sn^ ^eH^ °1 

functional unitsH 7fl4=l(data cache) ^ ^l^l^E|#(registers)^- 

ol-g-^H ^71 ^^^(CIN)l- <S^Kr ^JlS 

^"71 7}-§:B\ $!L±t, ^7} 5)1^1^ ^^o^(ciN)^ <S^V ^ofl rfl-g-s-}^ ^7l 
s^Ccycle count)* ^il ^ ^ ^Ajsl ^<H(QISH] tfl-§-*Rr ^7} 

^ <r7] S]^(cycle count)* ^^Rr ^iL^ ^ tr^f. 

#7l ^7l S]^r(cycle count )^, #7l tq^Jf (instruction 

decoder), #7l efl^Ei *fl^ -^(register renamer), ^ ^7} *$%o) 
(instruction queue unitHH a]^ea -f-^o] a>o)^- 7f^H 2Jr<y ^-^] o. 

28-11 



1020030005236 ' '■ <H*>: 2003/5/31 

<40> ^*H&^ o)$ ^ i^o} ^X|ofl sjsH B-aJ-g- 

f^l °l*fl* r 7l fl*IHfe £ wj-^tr ^Hl» a*W*Rr ^ g ^JjL £ 

<4i> o]^K H'S a ^3 yj-^-^i *v ^ahi^. a^^oj^ ^ # 

-*mi*i ^tr^. 4 *n*m jm* 143- 

<42> 1^8r Hr^s} ^Alofldfl 4^ ^A] cf^ ^efl^CSMT) =S.^>H^ «£olcf. 

< 43 > £ 1^- ^ ig-tgo} ^AjAl^ofl n^.-g-A] t}^ ^efl^(SMT) HS^Ai^, 

*H *]-¥-( fetch unitXllO), *3*§<H ^^(instruction cache)(120), ^52*3^ 
(instruction decoder )( 130) , efl*l^£] ^ ^(register renamer)(140) , ^1^1 
■¥■( instruct ion queue unit)(150), ^ (execution unit)(160)# ^Itr 1 }. 

<44> 3ll^l^(fetch unitXllO)^ ^<H(CIN)^ #^ ^ ajsj 

^°UQIS) z*zW tfl-g-*}^ ^31 = 1; (threads HI cfl^- ^^.ofl -§-#§H 

( thread) 1^. ^3]J=( thread) t 7 r £^ & f^H 7># ^ 

3H1 tfl-§-*Kr ^r-gr^H ^^e^(FAD)l- afl^tr^. HSil^ 7r€rEll-8r ^ 

Efl = ( thread) »i S Hr^H , HS^^ z^zHH 0^3)^^ 

PC0 tfl^l PCN-lojcf. o]nfl f pco ifl^l PCN-1 ^ Sfl^l€ <HS^^7 r FAD°fl «fl^tb^r. 

<45> jffl*]ig ^^^(CIN)» Sfl^^H #7l #^f-# ^^Rr ^ ^>2fl<Hl^i 7] 

« A o v 7l ^*g<>| ^^(instruction decoder)(130HH °1-¥-<H*1jI, ^a]^ ^ 

^(QISHl rfltr ^ilir o>Sfl*fl^ 7l^^ Aj- 7l x$^o] a] «.( instruct ion queue 
unit)(150)^-?-Ei 3)c«fl^c}-. 
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<46> ^ 7 )^ ( # 7 ] ^H^, #71 3)1^1^ ^ ig <H (CIN)Sl f^flfl tfl-§-*Rr =^ 

*l ^7] 5]^( C ycle count)* ^HHr 3jJ± #7l ^ ^ <>| (QIS)^l cfl-g-*} 

^ ^7) ^ ^7} 3^ (cycle count)* ##*Rr ^iL^. #7l ^7l ^^(cycle 

count)^, #7l ^i£M c]^^ -^(instruction decoder )( 130) , #7l %]*]^ Tfl^Jf 
(register renamer)(140) , ^ #7] ^1^1 ^-(instruct ion queue unit )(150)«*IM 

iLSq^r Aj^efl Afol^. ^14. 

<47> # 7 j ^^ol ^^(instruction cache) (120)^ ^5.3.^ 7>-grE^ o^ e fl 

^} tfttSr ^^<H"l-i- Tl^ZL, #71 31 olc e ^ (FAD)o1 l Cfl-g-^ #71 311^1 

€ *83°KCIN)* 

<48> # 7 j tg^ol cl2ig»( instruct ion decoder) (130)^ #7l 5|1*1€ ^<>|(CIN)* *fl 

A o v 7l <£# ^ ^ j^sH^ A}-g-3§ efl^liBl^ <H = efl>i(DAD)» ^ttrtf. 
<4?> #7l dl^l^iE^ 7))^^ ^-(register renamer )(140)^ ^)o]b\ t) JffligUl (data 

dependency)* ^ 5dfe #7l 8fl;*l>;E] tfl-§-<>l *J*fl Efl^iE^ c^c^^g. 7 flTgig 

^-o.^*) cflolEi clJffl^AKdata dependency)* «fl^*>7l ^f-ol^. 
<so> #71 *]x\ «-( instruct ion queue unit)(150)fe #7j 7fl^^^ <>| efl i(RAD) 

41 -g-^M #7l 5)1^1^ ^<H(CINW tfltr ^71 *H* sj^-cf. 

<5i> #71 (execution unit ) (160)^ #7l -§-#€H #7l 2)1*1^ 

°1(CIN)* ^JW. ^Irrfl, ^£r, o] *J <3#o} ^ s # 7 j ^ ^^<H(QIS) 
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A}-g-£[ ^^^ = #0] Aj^E)^ f functional unitsH , ^ 

9] t\]o]B\ 7fl4l(data cache) ^ efl^l^B]s.(registers)* °l-g-^>^ tg 

£ l-§- %S«>^ , %7\ execution unit)(160)fe, ${o]tf 7fl3(data 

cache)(161), 3l*l^Eil-(registers)(163) , ^ 7]*§- functional units)(165)* 

^"71 tj)o]B\ 7fl 4=1 (data cache) (161)^ <#7] «£*H| A>-g-^ cfl o] e^ 7^^cf. 

^71 ofl 7^V5]^ C-llolE^^-, <^>a-oll A}-g-£)±- <^ 7 \t\ ±+ t-fl 6] B\ # °J 

#7l efl^l^E^-i-(re g isters)(163)^: ^7) <Hi=3li(RADH tfl-§-S}^ rf^ 

7fl^ el1^1^Ei-i-(registers)(163)^ nfwlth}. <*M<^ efl^^-i-(registers)(163)^: <# 
7] *H*1€ ^*g°KCIN) ^3MH ^ 3. A>-g-^ efl^^E^^- o>u)e). «^av ^ofl a> 

«SH 3H^Ei HL^- ^JJf# 7i^Kr ell^BlulH^ 31*1^1 

(destination register) <?|*H| ^-SLtt ell*l^iEl-I-(registers)(163)* 

^"71 -frbW functional units)(165)€- <gA>£>l ^ S ^. 7 ] 

^<H(QIS) ^^ofl ^>-g-€ i^^S-l-ol ^3*3, ^"71 ^ -g-#*H #71 3|| 

^3°KCIN)» ^^*Vrf. c$ 7 )°\ 7 j- -B-^-i-(functional units)(165)£- ^<+7l 
(adder), ^7l (mult ipl ier) , 4=1 HE} (shifter) SE^ 7l (accumulator) 7}^ 

28-14 



1020030005236 ' ' 2003/5/31 

£ 2^ £ 1^ 211 fetch unit)(110)2] ^H*?! ^iolc}. 

£ 2» S. 1^ 311 *l-¥-(f etch unit) (110)^, $]o] 7 ] 

(demultiplexing control lerXlll) , *H# ^H^-K cycle counters) (113) , ^efl= # 
^7l(thread selector )(115) , ^ ^ i(mult iplexer )(117)# ^^^4. 

A oM ^^1"^ *1H 7] (demultiplexing control lerXlll)^ ^^^(CIN) 
7} ^efl.E.( thread)! ^rt^JL, ^<H3 <£xy ^o\] ^ ^ g]^ 

(cycle count)!- Tfl^HH , ^7] *H*1^ ^^(CIN)^ <£*J ^ ^7} Ajtg 

^°UQIS) tfl-§-*Rr ^3l = (threadH cfl*r %7\ ^iL* #^tfCf. ^ 

°1H 7l#*r w>^r ^7] ^^^(CIN)« *1H*1-^ ^7] ^^-i- 

tt ^7} ^^o] instruct ion decoder )( 130)^1 *\ o]^^\JL, 

€ ^^(QISHl rfltr ^7} a] «- (instruction queue unit)(150)S^-^| 

b] _E. hJ] si c)- . 

^71 5]^(cycle count)!- ^*>Tr ^iL ^ Aj- 7 j ^Hs} ^<>KQISH ^-g-^Kr 

Aj-7] ^ ^7l 2)^( C ycle count)!- ^*>^ ^^.ojcf. ^ ^ 7 ] s^( C ycle 

counO^r, #7l t^ja^ ^-(instruction decoder )( 130 ) , #7] *fl^Jf 

(register renamer)(140) , ^ -#7) ^^o] *| x\ «.( instruction queue unit)(150)°lH 
iL^^r Aj^eg ^sjcq a>o1# 7>^H ^ojcf. 

A oM 7f^-Ei-i-( cycle counters) (113)£r ^efl J= (thread) 1 ! <#7] *H# 

^(cycle counters) (113)^- ^1^, #7l 7>*Bi) ^Jii tfl-g-^ = ( thread H 

5^ ^"71 *}o]# 7>^;Ei7> ?}£^Sr 
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<6i> ^. 7 ) ^i«7] (thread selector)(115)ir #7} *}°)^- 9Hbtf&( cycle 

counters) ( 113) o) 7>^7l^ 7>^ ^rt^-Jl, ^1 tfl-§-*>^ 

3) = ( thread) ^ ?§J±(TSI)# #^tr^f. 
<62> ^-71 ^(multiplexerXm)^ #7l ^3lJ= (thread) ^ ^J£(TSlH -§-^H 
cfl-g-^ ^Snig 7 r £-^HH o^^efl^CFAD)!- Bfl^ltr^-. 9}^^ ^ 

efl-ELUhread)^ ^q-^ , HSzz.^ ^bgr^l" zJ-zHM ^JEiefl^b, 

PCO tfl^] PCN-H4. olnfl, pco ifl*l PCN-1 ^ 3J|1^^ ^c;e^7> FAD^l *fl^W. 
<63> a o v 7 i*v H><q- ^3 H^HHl ^ cf^ ^efl^(SMT) HS^^s? 

^ <$M|*M| ^*lt}. 
< 64 > E 3^. H 2 ^ ^a] t}^ ^efl^(SMT) H^l^^l ^ ^tr *-f-S°lcK 

<65> £ 3# £ 2^ ^ iie^(SMT) ^5^H<i) ^-X\ cf^ A*. E flTg 

tSMT) "<H^, 7 r ^# zfz}-^ t= efli 6fl cfl-g-^ tg^-E.^ 7^}^ ^ 

instruct ion cache) (120)1- ^wl^f-^ cf^ ^iefl^(SMT) HS.^H<i) ^ 

Al cf^ ±iefl^(SMT) 5^1, zj-^ ^wl*Vcf. 

< 66 > ^, M. ^ofl 4= rf^ ^l^(SMT) ^1^2] ^a] cf^ ^ell^(SMT) # 

^l^l^Cfetch unit)(110)7|- ^<>| ^ofl zl ^ ^^(cycle count )# 

7>^^1S. A>-g-§>^ ^5flE( thread)t ^^Ji, zl dieflJEK thread) ^ ^<H^ 
^ = efli# 7>El7lJi il^ ^Ei^l^i <H^efl^(FAD)l- tr^- (S310) . 

<67> ^ ; 3ill fetch unit)(110)7> 9}^B]6\]X] o]b.z]]^(FAD)M: ^ll^Rr 4 

#3 ^H1*>711 iHr}-^, ^4 zj-tf. ^7-1, 511^1 «- (fetch unit) (110 HI 
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^tqs.ai^ ^]o] 7 ) (demultiplexing control ler)(lll)7>, 31*1*1 ^^<>1(CIN)7]- ^s>^ 
^efl-El(thread)# ^rt^JL, <£a> fHHl tfltr sj^Ccycle count)* 

Tfl^H, ^oKciN)2] ^ ^ -2*8 ^<H(QIS) z*zH tfl-§-*> 

^ ^3l:EL(threadHl rfl^l ?>£Ei #^tbcf. o]o\] ^ t 5)1*1^ (fetch 

unit)(110Hl ^I^tt ^^(thread)^ ^^l:(cycle counters)(113) 

f^H, ^7) ^^.oii tfl-g-sH^ ^efl:E.(threadHl ^jJ-sH 9l$r ?bgr^7l- 

cf-g-ofl, ifll^^-(fetch unitXllOHl ^-al^xr #7l ^efl^ ^i^7l (thread 
selector)(115)^ #7l 7>^B| #( cycle counters) (113)0) 7}^7)^ ^7> 7>^> 

^ 7>^-Eil- ^ cfl-g-sHr ^31 = (thread) ^ ^^(TSI)« #^*r 

^, ^l^l^-(fetch unitHllOHl ^l^ ^7} ^^(mult iplexer)(117)^ <#7] ^efl = 
(thread) ^i(TSI)<Hl -§-#*H ^-g-*f^ ^5.^ ^Ei^ <H:E.efl>i(FAD) 

# sfl^ltr^KSSlO). <>)^ tr ^3l^.(threadH ^*Kr ^^^7]- j^i^ nfl f ^ 

^3]JE.( thread)^ ^-§-*Kr ^ ^o]^- 7>£e^ AJ-7I ^^^^.^^1 ^1^71 
(demultiplexing control ler)(lllHl ^^><^ Bl^^M cf^l ^Hrllir ^l^tr^f. 

^°11 A 1 7)#*V W]-<4 ^-Ol f Aj-7] ^1^1^ ^^^(CIN)l- *fl^*H ^ V 7l ^ ^fh-I- 

^£r, ^"71 ^^o) instruct ion decoder )( 130 HH o]^^^] J7, ^ 

^<>UQISH1 tfl^ ^jife- ^"71 ^^o] xlAl«.(i nstr uction queue unit)(150)S. 
2]- ww^r4. ol^ ( a o v 7 ) f yo_^ ^7} sfl^l^ ^^^(CIN)^ <£*Y ^ofl 

tfl-§-*Hir ^7l s]^ (cycle count)!- ^^rxr ^iL ^ <#7] ^sj ^a]^ 

(QISH rfl-g-sKr ^-71 ^ ^7} s]^(cycle count)* ^^r^ ^iL°14(S370~S380) . 
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^ ^7} S]^(cycle count -#7] ^S^-^( instruct ion 

decoder) (130), #7] zl}*}^ ^(register renamer)(140) , ^ #7l ^a] 
-^(instruction queue unit) (150)*IM a}o]§ 7>^B 

<70> tr^S, ^7l ^(instruct ion cache) (120HH 3*11*1£ ^^efli<^l 

tfl-§-^Kr ^71 2)1*1^ ^^^(CIN)* #^}^, ^-71 v]=l*3™.( instruct ion 

decoder) (130)^ #7] 2)l*m ^°KCIN)-I- sfl^H #7] <£*Y ^ ^.^ ^fl^ s. a> 
-g-^ efl^l^E^ ^£LEfl>i(DAD)l- ^#*f^(S320), #7l efl^^Ei *fl^-f (register 
renamer)(140)^ cflo]Ei ti| ^a] (data dependency)!- ^ ^7} 31*1^1 '^-g- 

°] aj*)] s)|71a E ^ cHc^^ 7fl^^^tf(S330). 

<7i> A o v 7l ^-^(instruction queue unit)(150)^ <#7] *fl^^l ol-E. 

efl^(RAD)^! -§-^H ^7] sfl^m ^^(CINH cfl*V Aj- 7 j ^ ^*>J7(S340), 
A o v 7l ^*S-?-( execution unit)(160)7}- aJ- 7 ] aJ^J -g-^H #7l 

(CIN)# ^^*rCf(S360). ols} ^ tg^o^ Ajsj^ ^ <^xy^ ^^^0]^ 3} 

^l^Bi (destination register)^ 7^l^cf(S360) . 

<72> ^7^, AJ-71 Aj«g <£A}-0] Aj- 7 1 A}^ ^ A j £ ^^^(Q IS ) ^$6]} 

^|-§-€ ^^5]^, #7l -^-^ (execution unit)(160Hl ^Slxr ±^2) 

7)^ ^-^#( functional units)(165)°l zl}o}&\ 7fl4Udata cache)(161) ^ efl^l^ 

^l:(registers)(163)^: °l-§-Hr r °} ^7] ^^^( C IN)1- <£^Rr ^ o]rf(S350) . 

<73> ^a} 7l#tr «}2f ^- ^ajaHH xcj-s. ^A] cf^ :*efl^(SMT) 

^Htt, #71 2)1*1-^ (fetch unit)(110)7f *3*g<H ^ofl n a- 7 ] ^(cycle count) 
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# 7>^^1S. ^>-g-*>^ iiefl = (thread)!- 4d ^ Jl , zz. ^Efl^(thread) # -^*S€ 
9] ojceflAf 7>E]7|J1 ^ife ESIL^ 7>£eHH °1— sll — (FAD)# sfl^l^cf. 
<?4> ^, 31*1 Jf (fetch unit) (110)^ 3l*l€ ^^^(CIN)7> #<5>^ ^B))H.( thread)* # 
t^Jl, <£a> ^ofl cfl«l ^ ^71 cycle count)!- 31 , 3l*l€ 

^<H(CIN)£) <£*Y ^ ^ol(Qis) zj-zH tfl-§-*Hr 31 3= (thread) 

tfl^ #^^cf. 31 *!-?-( fetch unitXHOH ^13^ ^ 31 = ( thread) 

1 *V°1# Bl#( cycle counters) (113) f^H , #7l ?bg-Ei ^^.6fl tfl-g-§Kr = 
( thread H Sl^ 4°)t 7b8r3fe 7>£^* 

<75> tj-^ofl, *H*l-¥-( fetch unit) (110)^ #7l *M1- 7>£e1 #( cycle counters) (113)°1 

7>El7l^ ^7} 7># ^ m}o]^ 7>^Eil- ^t^ul, zH tfl-g-SHr ^efl=( thread) <?* 

^iL(TSI)* #3^4. oH ^ 31*1 ^(f etch unit )( 110H T^l^lSr ^7} ^ 
(multiplexer)(117)^ #7l iiefl^(thread) ^ ^JiCTSlHl -§-#*H ^H tfl-§-*Kr 
= SZL^ 7>^EHMi ^-E.5fli(FAD)l- 3l*lth4. 
<76> o]^]A-1S»). ^o] t^^H^ &m ^A)^]7> 711^5)0^^.. c^7lA^ -g- 

^-8-^1^^.14, #*1 ^ ^-fr ^^*>7l ^-*H*1 A>^-^ ^Jol^l SI Pi 

^l^U^H 7l^fl^ ^1M7) A}-g-^ 

o>qcf. n.z\E.3, ¥ 7)<t -£-°>^ xl^ o. ^^Tg ol^w-E^ nf^tr ^ U A 

5^ Ej- ^Alofl7V 7f^§ r r4^ ^ ol«fl^- ^olcf. Mj-^cq 7]#^ 
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^Ml ^ ^<H^ ^r*S ^7l s]^(cycle count)!- 7}^x]g_ A}-g-*M * = ( thread) # 
-id^r^ ZL thread) ^ ^<H» *H*1 (fetch )*KE.3., SMT^l ^ 
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1] 

€ ^<H^ ^ff- ^ ^^Hl tfl-g-^ ^ 

7}-^ ^jiofl -g-#<5H ^eflEtS ?}^^r ^r^^Jl, ^efl^t 7}-£^ & 
7>^J- ^ 7f£^ 3M1 ifl-§-*Rr HJLZi^ ^eHH oi^efli» 3)]*l*Rr 

^-71 Ol^^i^l -§-^*>^ ^"71 « ^"71 ^All- 

8 3*Rr ^^<H ^ 

^-71 ^ ^1 ^1 ofl -S-^H #71 Bfl^l^ ^*5§<H» ^*Rr ^33^* ^l^Rr 3 

-§: ^il^L Sfe -g^j ^gflxg HS^iH. 

[^t 1 * 2] 

^7} 2fl^^ ^ ^ ^"71 ^H*} ^^<>| zj-z^ofl cfl-g-*}^ ^ 
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°11 ^e^7> ^*Rr ^>o]^ ^Ei#; 

^-71 *}o]# 7>£e]#o| 7>E^7l^ ^7} 7># ^ 4 6 lt ^t^ul, Zl 

^-71 ^ ^ofl -g-^H =Ld\] tfl-§-*Hf- HS.ZL^ ^E^lA^| 6)£^f 

3] 

#7) AV-g-^ C-flolEi-i-^ HH^ 3D 3; 

fSS. ^"71 ^ ^ofl A>-g-^ ^^^flcs-ol ^Ajs] 

IttV 4] 

1%> Hitt 2%H1 Aj- 7 j ^o. E ^ ^iLfe, 

#7l AJSJ ^<>H tfl-g-^ Aj-71 ^71 ^-AJ-^^ ^^.O] 

^ Cf^ ^eflx^ = 
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5] 

*)1 4%H1 & ^ ^71 5)^7, 
3tt a^bA A>ol§ 7 >^B ^3-O-S ^ ^1 4# 2^1 ^ 

6] 

5fl*l£ ^ fHr ^ zJ*H tfl-g-^ Mefl^s-cn cfl*V 7> 

^i±ofl cfl-g-^ ^efl^ofl ^s)ol oi^ 7>^El7> 7>£^-fr *r*8*Hr 

#31; 

Aj-71 J^a] rf^ A^efl^ S^A-H ^^H, AJ-71 ^>ol^ ^EH-o] 7>e)7l^ ^7> 
7># ^ ^E^» ZLofl tfl-§-*Rr 7V£EHH ^HSllit 5fl 

*l*Kr #31; 

AJ-71 ^ 2^*3 H.3.4H°fl ^}^, <#7] ^^^1" *fl*}*H ^"71 

^ ^ ^ iL SPIELS A>-g-^ efl^l^Ei^ ^cefl^ 
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31*1^ tfl-g-*] gfl^Ejjq ojselif ^fl^^^fe #31; 

#7l 4^ j*^. =3.4|*H sl«H, #7} ^^eii^ofl -g-^^ # 

71 5)1^1^ rfl^- #7} ^1^11- ^Rr c^]; g 

#71 -g-Al Cf^ ^efltg =s^)^6fl S)«H, #7l ^ ^AHl -g-^H #71 3fl*l 

€ ^*g*Rr #3l«- ^l^Rr 3^§- ^AiS. *J-fe ^Al cf^ ^efl^ HS^H 

[37* 7] 

^1 6%H1 #71 ^Ei^ ojEei^ jflajfe, 

#71 -^Al 4^ ^J^ aS^^H Oj^H, AJ-71 Bfl^m ^3<H^ <£# ^ ^ 

#71 AJ*J ^a]^ t^oJ zj.zj.6fl tfl-g-^b ^l^l^l tfl*!: #7l ^iL# #^^> 

#71 ^aJ cf^ ±iefl^ H^l^H ^tilsj^ ^JEl^ #71 ^Eil; ^ojj 

*1, #71 71-^E-l ^ofl tfl-g-TsHfr ^efl = o]l ^"S^ oli^ Aj- 7 J *}o)^- ?\^]7\ 7>£*g 

#71 Cf^ ^efltg H^Hofl ^1*H, #71 *}oJ^ ?f^-E^ol 7}El 71 ^ 

7> 7># 2^ *>o}^ 7V^-Eil- ^t*l-JL, HO]} cfl-§-*>^ ^iEfl= ^ «j ^ iL# #^*}^r 

#31; * 
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8] 

#7l ^a] cf^ ^efl^ £^Hoi) i^o] 71^ -i^l^l 3«H, 

O^AJ-^ A 0 V 7 ] ^ ^ig<X ^ofl A]-g-^ ^3) --o] ^AjS^, 

7fl^ * gfl^^s.^ ol-g-^H ^71 *H*1€ ^<H«- <£#*Hr ^J* ^ 
^1 4^ ^31*3 HS^a^s] ^A] cf^ ^z])^ ^ . 
9] 

^7} Aj^ ^Al^ <3$oH lfl-§-*Rr Aj- 7 ] ^ #AHr>^ ^iO] 3^ -^1 

— S. <sRr ^a] ^efl^ a] ^ . 

10] 

XI 9%H1 a] ( a o v 7 i ^71 SJ<Hr, 
s}tt Aj^Efl # ^o] a>o]-i- f^lS. ^Al cf^ Aiefltg n^.^ 
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[5- 2] 
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IS 3] 



S310 — 



ggoi ^0)| ~7| 
^20= nil a I 



S320 — 



S330 — 



S350 — 



3f?<H qsg 



S340 — SS<H a|a| 



S370 







~§!~7| 




/ S380 


A|A|t! 




^eH~7| 





S360 — 
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